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The present inrention relates to entrapment of materials, 
for example viable cells, vithin a solid framework. 

The use of immobilised microbial, plant or animal cells for 
the production of pharmaceutical products and fine chemicals 
is gaining in commercial importance. The advantages of the 
use of immobilised cells include repeated use, continuous 
process operation and the elimination of the separation 
steps necessary if free cells are used which must be 
removed from product solutions. > 

Amongst the various methods devised for immobilising cells, 
entrapment within polymer gels, for example polyacrylamide 
gels, has been most extensively applied. A disadvantage of 
existing systems is that to obtain adequate strength the 
gel structure must be dense and this reduces the porosity 
of the system. Mass transfer vithin the immobilising matrix 
is thus limited. 

The object of the present invention is to provide an 
improved process for cell immobilisation which overcomes 
this difficulty, producing a strong porous support matrix 
for the cells which has good mass transfer characteristics. 

According to the present invention there is provided a 
process for immobilising cells which comprises the steps 
of mixing the cells with microparticles which are substantially 
insoluble in aqueous media, blending thoroughly to uniformly 
disperse the cells and microparticles then bonding the 
microparticles at points of contact to form a permanent 
porous matrix entrapping the cells vithin the cavities 
therein. 
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It is preferred but not reauired that the microparticles 
are spherical in shape and uniform in diameter. Vhere 
uniform microspheres are used their diameter should be less 
than six times the smallest dimension of the cell. 

The microparticles used may be composed of inorganic oxides, 
hydroxides, carbonates or sulphates which are substantially 
insoluble in an aaueous medium such as silica, alumina, 
aluminium hydroxide, calcium carbonate or calcium sulphate 
or of an organic polymer such as polyacrylamide, polystyrene, 
polyvinyl chloride, polyinyl acetate, dextran, cellulose or 
starch. Mass transfer through the matrix is improved if the 
microparticles are themselves porous. 

Normally th. microbarticl.s and call, ar. mixed and blended 
in vat.r or in a medium compatible vith th. riability of 

the cells. 

Particularly suitable microparticles are silica microspheres 
produced according to my copendin* International Application 
No. PCT/GB86/00319. Microspheres of the appropriate size 
held in aaueous slurry may be close packed and bonded at 
points of contact by dewatering and drying. Cells mixed 
homogeneously with these microspheres before dewatering are 
entrapped within the cavities in this matrix. Dewatering 
is achieved by aspiration or by the application of pressure 
after which the mass is dried in a current of air at 20 
to 30° C. 

Vhere the microparticles do not bond naturally they may be 
precoated with an adhesive which softens in the medium 
employed for mixing and dispersing the cells and micro-i;.. 

particles. 

Preferably th. microparticle should aot be more than six 
times larger than th. cells snd ideally not more than tbraa 
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times the smallest dimension of the cells otherwise cells 
may escape from the matrix by moving through the interstitial 
pores* 

After the cells and microparticles are mixed and before the 
micropar tides are finally bonded together the plastic mass 
may be formed into any required shape and size by for example 
extrusion! by pressing into pellets or molding into beads or 
tablets* 

The means whereby cells are entrapped within the matrix of 
raic ropartic les will be further apparent from the accompanying 
drawings of preferred embodiments of the invention. .Figure 1 
illustrates a small element of an entrapment matrix* A cell 10 
is entrapped in the cavity formed by six close packed spherical 
micropartic les 11* The ratio of the diameter of the micro— 
particle to that of the cell is greater than 2*5:1 *0 but no 
more than 6.0: 1.0 otherwise cells will escape through the 
interstitial pores 12 between cavities* Figure 2 illustrates 
in cross-section a small element of an entrapment matrix in 
which a larger cell 13 creates a cavity by replacing a micro- 
particle 14 in the matrix. Here microparticles similar in 
size to the cells are used. In the first case access to the 
entrapped cell is by way of six interstitial pores *12 through 
which nutrients 9 expressed proteins or gases may pass* In 
the second case access to the cell is gained through at 
least 24 such interstitial pores. 

The strength of the porous matrix may be improved by treatment 
with a solution of a polymer! or a solution of a monomer which 
can be polymerised, to form a porous skin or coating around 
the package of cells and microparticles. The treatment is 
carried out after shaping into beads, pellets or lumps which 
are immersed in a solution of a polymer in an appropriate 
solvent such that at least part of the solution is taken 
up by the entrapment matrix after which the excess solution 
is removed. 
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The polymer used may be for example cellulose acetate, 
polystyrene, polyacrylonitrile, polyacrylamide, polyamide 
or polyvinylchloride , Vhere the polymer is applied in a 
solvent, appropriate solvents include acetone, chloroform 
or dimethyl formamide . The solvent chosen should not affect 
the immobilising matrix. The strength of the polymer solution 
used may be from 0.1# to 20# and is preferably from 1# to 5#. 

Alternatively the package of cells and microparticles may 
be treated with a solution of a monomer which is subsequently 
polymerised. Thus for example beads or pellets may be treated 
with a solution of sebacoyl chloride in chloroform. These 
are then transferred to an aqueous solution of hexamethylene 
diamine to form a skin of polyamide around the beads or 
pellets. 

The benefits of forming a porous skin or coating within the 
outer layers of the matrix containing immobilised cells are 
twofold. First it acts by tying in cells exposed on the 
surface which otherwise break free from the immobilising 
matrix. Second it adds strength to the package, in 
particular it improves the retention of strength over long 
periods of use. 

The skin or coating may be applied before or after drying 
the matrix holding entrapped cells. In addition it may be 
semi— permeable . 

The invention will be further apparent from the following 
examples. 



EXAMPLE 1 

Cells of Saccharomyces cerevisiae were mixed with silica 
microspheres 7 /im in diameter and the mixture was carefully 
blended for 15 minutes. The serai fluid mass was transferred 
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to a ▼easel fitted with an oriface 3mm in diameter. The 703801 
was ribrated to fluidise the mixture which formed droplets as 
it passed through the oriface and fell onto an absorbant 
surface which aspirated interstitial water leaving moist 
beads which were dried in a current of air at 20*C. After 
drying the 4mm beads are hard and strong with a crushing 
strength of 0.75 Kg. The porosity was 0.5 ml/ml and the cell 
density of S. cererisiae was approximately 3 x 1 0 9 cells/cm 3 . 

The beads were packed into a fixed bed reactor of approximately 
1 1 capacity through which was pumped a solution containing 
200 g/l sucrose at 30°C, The conrersion of sucrose into 
ethanol was found to be 8g ethanol/l/hour. 



EXAMPLE 2 

Cells of S. cererisiae were mixed and blended carefully with 
silica microspheres 7 /no in diameter for 15 minutes in acueous 
slurry. The fluid mass was spread on filter paper to remore 
interstitial water after which the mass was dried at 25°C. 

The mass was broken and siered through a 4 mesh siere. The 
density vithin the matrix was approximately 5 x 10^ 
cells/cm 3 . 

The material was packed into a fixed bed reactor of approx- 
imately 1 1 capacity through which was pumped a solution 
containing 200 g/l sucrose. The conversion of sucrose to 
ethanol was found to be lOg ethanol/l/hour. 



EXAMPLE 3 

20g of 4 mm beads made from silica microspheres and containing 
2g of yeast cells held in the interstitial cavities was 
treated with 50ml 4<f> polystyrene in chloroform for 2 minutes. 
The beads were removed and air dried for 48 hours at 20°C. 
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Ih... bends vers us.d in a continuous fomentation system 

These beads e Kio „ t ., v .t for 4 months. The production 

behaving as an active bioca y 

of ethanol from sucrose vas measured at 5g/ / out. 



EXiHPLB 4 

Cell, of aspergiUu. nig.r v.r. mixed carefully «** * 

neutral slurry of 3 p» silica microspheres end the mass 

a nB filter paper to remove excess water, 
spread on filter pap - _ ir at 20 C, before 

allowed to dry for 2 day. in a current of air 
being broken and sieved through a 4 mesh sieve. 

Vben packed in a column through yhich a nutrient Honor vas 

circulated th. mils -sr. obssresd to oxpr... a mixtur. of 

. . f»*llulase. and heoicellulase « 

enzymes including pectmase, cellulase. 



EXAMPLE 5 



Spor.s of Phytophthora inf .stans v.r. mixed th0 ”"*“ y 

g urn silica microspheres and th. into beads. 

These v.r. dried at 2 5 *C for 2 days. The beads v.r. th.n^ 

moistened vith a nutrient solution and held at 25 

further 7 days after which each bead was found to contain a 

my c a 1 i um • 



Vben the beads were packed 
liquor circulated over them 
produced cellulase. 



in a column and had a nutrient 
the immobilised microorganism 



EXAMPLE 6 



20 g of 2mm diameter beads mad. from 7 pm a 
and holding 3 g yeas* c « u ® ia i**« ratitial 



ilica microspheres 
cavities were 
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treated for 2 minutes with 50 ml of a 2^ solution of cellulose 
acetate in acetone before the beads vere completely dried. The 
The beads vere separated from the solution and the solTent 
removed before they vere used in a batch fermentation to 
produce an aqueous ethanol solution. 



EXAMPLE 7 

1 .7g S. cerevisiae vas mixed with 30g 7pm particles of 
calciumsulphate heoihydrate in 20 ml water. Cells and micro- 
particles vere dispersed carefully and the mixture pressed 
into 4mm diameter tablet molds. 

Vhen set and dried the tablets vere used to ferment a sucrose 
malt solution to a beer contaxaing approximately 4# ethanol. 



. EXAMPLE 8 

lOg of alumina vitb a spheroidal particle shape approximately 
7 pm across vere added to 25ml of &$> polystyrene in chloro- 
form. All the polystyrene solution vas taken up by' the micro- 
particles vhich vere kept in motion vhile the chloroform vas 
removed. 1g yeast vas suspended in 2.5ml vater and this vas 
added to 25ml acetone. The polystyrene coated alumina vas 
added and the cells and alumina worked together for 5 mins. 

A 

The paste vafl then pressed at 12 x 10 Pa to expel excess 
vater/acetone The softeaed polystyrene coating behaved as 
an adhesive bonding the microparticles to entrap the yeast. 

The entrapped cells vere used to ferment a glucose solution. 

The method demonstrated by this example has been used success- 
fully to form entrapment matrices using other inorganic micro- 
particles and microspheres of organic polymers. 
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CLAIMS 



1 . A process for immobilising colls which comprise. the 
stops of mixing the colls with microparticles which aro 
substantially insoluble in aouoous modin, blending 
thoroughly to uniformly disperse the cells and ««o- 
particles then bonding the microparticles at points o 
contact to form a permanent porous matrix entrapping the 
cells within the cavities therein. 

2. A process »s claimed in dais. 1 wherein the microparticles 
are spherical in shape. 

1. A proeess as claimed in claim 1 wherein the microparticles 
are uniform in diameter. 

A A process a. claimed in claim 1 wherein the diameter of 
the microparticles used is less than air times the smallest 
dimension of the cell# 

5 A process a. claimed in claim 1 wherein the microparticle, 
ar. composed of inorganic oxide., hydroxides, carbonates or 
sulphates which ar. substantially insoluble in aou.ous media. 

6. A process as claimed in claim 1 wherein the microparticles 
are composed of silica, alumina, aluminium hydroxide, calcium 
carbonate or calcium sulphate. 

7. A process a. elaimad in claim 1 wherein the microparticles 
axe composed of * polymer. 
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8* A process as claimed in claim 1 vherein 'the microparticles 
are composed of polyacrylamide,- polystyrene, polyvinyl chloride, 
polyvinyl acetate, dextran, cellulose or starch. 

9. A process as claimed in claim 1 vherein the microparticles 
and cells are mixed and blended in a liquid medium compatible 
vith the viability of the cells. 

10. A process as claimed in claim 1 vherein the microparticles 
are pretreated vith an adhesive. 

11. A process as claimed in claim 1 vherein the microparticles 
and cells are mixed and blended in a medium vhich softens an 
adhesive applied to the microparticles. 

12. A matrix containing immobilised cells prepared by the 
process as claimed in any preceding claim. 

13. A matrix as claimed in claim 12 vhich has been treated 
vith a polymer solution. 

14. A matrix as claimed in claim 12 vhich has been treated 
vith a solution of cellulose acetate, polystyrene, polyamide, 
or polyvinyl chloride. 

15. A matrix as claimed in claim 12 vhich has a polymer 
coating deposited thereon. 

16. A matrix as claimed in claim 15 vhich has a semi— permeable 
coating deposited thereon. 
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PROCESS FOR CELL IMMOBILISATION 



A process for i-.bili.in* c.ll. in a structured sstrtx 
engineered t. suit the cell. Pacing a strong porous 
support for the cells which has good .ass tr “ nsf " 
characteristics. Cells nr. entrapped in cavities 
microparticles which are hooded at points of contact 
construct the rigid matrix. 
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